Bv 79-81 Br apd ,27I NQR spectroscopy 4-(CH3)C6H4NHf Xe , X = Br and I, and 4-(CH3)C6H4ND f 19 were studied in the temperature range' 77 S 7VK ^ 340. The three compounds experience phase transitions, most likely of higher order. Two reversible transitions are observed for the para-toluidinium iodide. 7~i-n being in the temperature range 247 ^ T/K ^ 258. Tn^m in the range 174 § 77K $ 179. The deuterated compound shows slight shift of the transition temperatures compared to the protonated one. whereas the l27I-NQR resonance frequencies are considerably lowered as is the nuclear quadrupole coupling constant. The asymmetry parameter tj, however, increases through deuteration of the NH3 group. The room temperature phase of the iodide crystallizes with an orthorhombic space group (Pmmn or Pmn2,.Z = 2). Temperature dependence of the 7vBrNQR spectrum of p-toluidinium bromide indicates a phase transition near t = 281 K. P h a s e T r a n s itio n in 4 -( C H 3) C 6H 4N H | X 9 (X = B r , I)
Introduction
© The ammonium ion. N H 4 , plays an important role in solid state phase transitions. It behaves like an alkali ion by its electronegativity and its radius, but due to its nonspherical symmetry and the ability to form hydrogen bonds, various packings and co ordinations are possible which promote phase transitions. Replacement of one hydrogen atom of the ion by a group R lowers the symmetry of the ion but the possibility of hydrogen bonding to the anions in the crystal lattice and the ease of rotation of the group -N H 3 around the bond R -NH 3 offers a variety of phases in the solid state which differ only little in lattice energy.
In recent years we have studied several crystalline halides RNH?Xe (X = Br, CI) where R is the benzene ring or a substituted benzene ring. In case of R=C6Hs a ferroelastic phase transition occurs for both the anilinium bromide and the anilinium iodide and this transition was followed up by 9 slBr and 12 I nuclear quadrupole resonance (NQR) [1] . The crystal structures of both the high and low temperature phases of C6H5N H 3X (X = Br, I) were studied by X-ray and neutron diffraction [2] [3] [4] by NQR [5] , In detail we have studied the influence of a substituent at the para position of the anilinium ion. Phase transitions have been observed in 4-ClC6H4N H fle [6] , and in 4-FC6H4N H ?X e , 4-(C2H5)C6H4N H ?X e (X = Br. I) [7] , Recently a phase transition was observed in 4-(CN)C6H4NH®Xe (X= Br, I) [8] , In the following we report NQR experiments on the para toluidinium halides 4-(CH3)C6H4NH®X0 (X = Br, I), and on the phase transitions which occur in these crystalline com pounds. In order to study the isotope effect, 4-(CH3)-C6H4N H 3I was dissolved in D20 and the solu tion was concentrated over P2Os in a dessicator.
Experimental
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The process was repeated thrice for assurance of complete deuteration resulting in crystalline 4-(CH3)C6H4NDfle .
NQR experiments
The 79-81Br-and 127I-NQR spectra were studied with a Decca-Radar spectrometer using Zeeman modulation and side band suppression. Usually a time constant of 10 s was employed. Samples of about 5 g (polycrystalline material) were used. Fre quencies were measured accurate to ± 5 kHz [1] , For variation of the temperature of the sample it was thermostated by circulating water (range 310 ^ F/K ^ 350), methanol (195 ^ F/K ^ 310), and cool nitrogen gas obtained from boiling liquid N2 (125 ^ F/K ^ 195). The temperature at the site of the sample was determined with the help of an iron-constantan thermocouple to ± 0.2 K in the range 270 F/K 310 and to ±0.3 K outside this range.
X-ray diffraction
Small single crystals for X-ray diffraction studies were grown from the solution of the iodide by slow evaporation of the solvent at 295 K Needle like crystals of 4-(CH3)C6H4NH®Ie are formed within a few days. Single crystal X-ray studies were done by Weissenberg and precession photographs. 
Results

4-(CH3)C6H4NH@ 3I e
The 127I NQR spectrum of para-toluidinium iodide at T = 292.8 K consists of two lines. These resonances are associated with the transitions v\(m = ± j^m = ±^) and v2(w = ± -|^m = ± 4 ), respectively and therefrom it is concluded that there is only one iodine ion in the asymmetric unit of the crystallographic unit cell. In Fig. 1 the two 127I NQR frequencies are plotted as a function of temperature for the range 125^ F/K ^ 343. From these data and the equations given by Creel et al. [9] the nuclear quadrupole coupling constant e2<P:zQh~] (127I) and the asymmetry parameter >/(127I) have been eval uated. In Fig.2 //(127I)= /(F ) and e24>:zQ h~\niI) = f(T) of 4-(CH3)C6H4N H f 18 are shown.
As seen from Figs. 1 and 2 no 127I NQR signals have been observed in the temperature range 247 ^ F/K ^ 258. Within this temperature interval the signal to noise ratio, S/N, of the NQR signals was too low to observe the transition, whereas at F > 258 as well as at F < 247 S/N was 25 for vj and 10 for v2. This behaviour is associated with the occurrence of a phase transition from phase I, stable in the range from 258 K up to at least 340 K to phase II which appears below F % 247 K.
A second phase transition is observed at F » 174K. The upper transition v2 was not any more ob servable below this temperature and V| changes strongly around this temperature. There is again a "transition region" 174 ^ F/K ^ 179 observed and we conclude that there is a second phase transition in the range 174 ^ Tm^n ^ 179. Below 174 K phase III is the stable one. In Table 1 127I NQR fre quencies, i], and e2<PzzQh~l are listed for some selected temperatures.
From the X-ray single crystal studies on 4-(CH3)C6H4NH3I at F = 295 K we find that the unit cell of phase I is either D 2h-Pmmn or C 2v-Pmn2|. The lattice constants are approximately a = 670.8 pm. b = 678.5 pm. and c = 941.1 pm.
4-(CH3)C6H4ND®316
There is a pronounced effect on the halogen NQR frequencies through replacement of the three hydrogen atoms bonded to the nitrogen in anilinium halides by deuterium atoms [1,4. 7] . In the com pound discussed here, the frequency shift is about 450 kHz for v, and 750 kHz for v2 and the fre quencies are lowered by the H D exchange. In Fig. 1 v\D) = f(T ) and v^D)= /( 7 ) are shown and in Fig. 2 the temperature dependence of e24>:zQh~x (127I) and //(,27I) are plotted for 4-(NH3)C6H4N D fle .
The substitution H -> D at the NH® group does not change the polymorphism of 4-(CH3)C6H4N H fIe in principle but may change the transition tempera ture [1, 7] . For 4-(CH3)C6H4N D fle we found 248 ^ Fn-i/K ^ 262 and 171 =1 r ra^n/K 179 (see Figs. 1 and 2) . Table 1 . NQR frequencies v, nuclear quadrupole coupling constants (e2&zzQh ') and asymmetry parameters q for paratoluidinium halides at selected temperatures. This shows that the hydrogen bonds have a strong influence on these two parameters of the nuclear qua drupole coupling tensor. In Table 2 e2&::Qh~l (,27I) and /;(l27I) of several substituted anilinium iodides ( R -N H f le and R -N D f I e ) are given. It is seen that the p-toluidinium iodide fits well into this group of compounds. An interesting point is the magnitude of \e2(P~Q lr] (]21\) | and ^( 127I) for the para substi tuted anilinium iodides. In Table 2 the room tem perature data are collected for the basic compound, f l e , and the substitutes, F, CI, CN, 4-HC6H4NH® Ie NH3, and C2H5 in para position. The room tem perature data belong in all cases to the high tem perature phase I of the compounds. From the crystal structure determination of C6H5NH®Ie (phase I and phase II) [2] [3] [4] and from the crystal structures of 4-FC6H4N H l r (phase I and phase II) [10] we find, that in phase I of these compounds the group -NH® performs a hindered rotation, occu pying thereby two distinct positions in the lattice. From the 127I NQR study of all other compounds we conclude that a similar mechanism is valid for them in phase I too. Table 2 shows that there is no straight forward relation between \e2<P: : Qh~x (127I) | and the electronegativity of the para substituent. Furthermore the asymmetry parameter nC21\) reveals the influence of the lattice symmetry, changing from zero for X = CI and CN to 0.8 for X = C2H5.
Further support for the freezing in of the -N H 3 group rotation during the transition I ^ II as the common property of all para substituted anilinium iodides is given by the similarity of the effect the exchange H D has on 127I frequency shift and coupling constant.
The phase transitions in 4-(CH3)C6H4NH3I are more complicated than the transitions observed for the other compounds listed in Table 2 . The loss of the 127I NQR signals in a fairly wide range around the transition temperature in this compound suggests that the transition proceeds via several steps. It is likely that the structures of phase I and phase II are incommensurable. Also the transition II ^ III is most probably not following a simple mechanism. It seems to be very likely that the transition II III is connected with a freezing in of the -C H 3 group rotation. It has to be mentioned that both phase transitions are reversible. A small single crystal of the compound, cooled slowly from room temperature down to 77 K and warmed up Table 2 . Nuclear quadrupole coupling constants e20..Qh 1 (127I) and asymmetry parameters rj(ni\) of para substituted anilinium iodides (4-XC6H4NHfle ).
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